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The title compound, Ci 7 H 15 N 3 OS, crystallizes with two unique 
molecules, denoted 1 and 2, in the asymmetric unit. The two 
molecules are closely similar and overlay with an r.m.s. 
deviation of 0.053 A. Both molecules adopt E configurations 
with respect to the C=N bonds. The dihedral angles between 
the benzothiophene groups and N-bound phenyl rings are 
36.36 (9)° for molecule 1 and 29.71 (9)° for molecule 2. The 
C=N— NH— C(0)NH ethylidene-hydrazinecarboxamide 
units are also reasonably planar, with r.m.s. deviations of 
0.061 and 0.056 A, respectively, for the two molecules. The 
methyl substituents lie 0.338 (3) and 0.396 (3) A, respectively, 
from these planes. The C=N— NH— C(0)NH planes are 
inclined to the phenyl rings at 13.65 (11) and 15.56 (11)°, 
respectively, in molecules 1 and 2. This conformation is 
enhanced by weak intramolecular C— H ■ O hydrogen bonds 
between ortho-H atoms of the two phenyl rings and the 
carbonyl O atoms, which generate S(6) rings in each molecule. 
In the crystal, pairs of molecules are linked by pairs of 
intermolecular N— H ■ O hydrogen bonds into dimers. 
Alternating dimers are further interconnected by weak C— 
H ■ O contacts into zigzag rows along b. The rows are stacked 
along a by C— H ■ -jt contacts involving the benzene ring from 
molecule 2 and the thiophene ring from molecule 1 of adjacent 
benzothiophene units. 




Experimental 

Crystal data 

C 17 H 15 N 3 OS 
M r = 309.38 
Triclinic, PI 
a = 9.8858 (3) A 
b = 13.2737 (5) A 
c = 13.6121 (8) A 
a = 113.961 (3)° 
/3 = 98.153 (3)° 

Data collection 

Bruker APEXII CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T min = 0.826, r maI = 1.000 

Refinement 

R[F 2 > 2a(F 2 )} = 0.054 

wR(F 2 ) = 0.147 

S = 1.07 

8650 reflections 

411 parameters 



N NH 




y = 107.778 (2)° 
V = 1480.02 (11) A 3 
Z = 4 

Mo Ka radiation 
fi = 0.22 mm -1 
T = 89 K 

0.38 x 0.14 x 0.05 mm 



25263 measured reflections 
8650 independent reflections 
5747 reflections with / > 2cr(/) 
R iM = 0.052 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.70 e A~ 3 

Ap mi „ = -0.37 e A~ 3 



Table 1 

Hydrogen-bond geometry (A, °). 

Cgl is the centroid of the Sll, Cll, C12, C13, C18 ring. 



D-H-A 


D-H 


H- ■ A 


D- ■ A 


D-H-A 


N12-H12JV- ■ 021 


0.97 (2) 


1.91 (2) 


2.847 (2) 


162.1 (19) 


N22-H22iV- ■ -Oil 


0.89 (2) 


1.99 (2) 


2.840 (2) 


158 (2) 


C113-H113- ■ Oil 


0.95 


2.29 


2.886 (2) 


120 


C213-H213- ■ 021 


0.95 


2.26 


2.871 (2) 


121 


C15-H15-OH' 


0.95 


2.62 


3.435 (2) 


144 


C24-H24- ■ Cgl" 


0.95 


2.80 


3.482 (2) 


130 


Symmetry codes: (i) x, y - 


- 1, z; (ii) —x - 


1- 1, -y + 1, -z - 


-1. 





Related literature 

For background to the biological activity of semicarbazones, 
see: Alam et al. (2010); Sharma et al. (2006); Siji et al. (2010); 
Sriram et al. (2004). For related structures, see: Beraldo et al. 
(2001); Fun et al. (2009fl,fe); Mendoza-Merono et al. (2011). 
For graph-set analysis of hydrogen bonding, see: Bernstein et 
al. (1995). 



Data collection: APEX2 (Bruker, 2009); cell refinement: APEX2 
and SAINT (Bruker, 2009); data reduction: SAINT; program(s) used 
to solve structure: SHELXS97 (Sheldrick, 2008) and TITAN2000 
(Hunter & Simpson, 1999); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008) and TITAN2000; molecular graphics: 
SHELXTL (Sheldrick, 2008) and Mercury (Macrae et al., 2008); 
software used to prepare material for publication: SHELXL97, 
enCIFer (Allen et al., 2004), PLATON (Spek, 2009) and publCIF 
(Westrip, 2010). 
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Comment 

Semicarbazones are of considerable interest because of their wide spectrum of biological applications, and display anticon- 
vulsant (Alam et ah, 2010), antitubercular (Sriram et ah, 2004) and antimicrobial activity (Siji et ah, 2010). The biological 
activity of semicarbazones is considered to be due to their ability to form chelate complexes with transition metals (Sharma 
et al. , 2006). In view of the importance of these compounds, we report here the structure of the title semicarbazone derivative 
(Fig- !)• 

The asymmetric unit of the title compound contains two molecules, 1 and 2. The benzothiophene group and the 
C9=N1 — N2 — C11(01)N3 semicarbazone units are almost coplanar with Nl — C9 — CI — SI torsion angles of -13.0 (2)° 
for 1 and -9.3 (2)° for 2. The phenyl rings show somewhat greater coplanarity with the semicarbazone linking units the 
Cll — N3 — C12 — C13 angles being -13.3 (3)° for 1 and 5.4 (3)° for 2. The dihedral angles between the benzothiophene 
groups and the phenyl rings are 36.36 (7)° for 1 and 29.71 (8)° for 2. Both molecules adopt E configurations with respect 
to the C=N bonds. There are no important differences in the bond lengths and angles between the two unique molecules 
which overlay with an r.m.s. deviation of 0.053 A (Macrae et ah, 2008). The bond distances and angles are in a good agree- 
ment with values reported for similar structures (Beraldo et ah, 2001; Fun et ah, 2009a,b; Mendoza-Merono et al. 2011). 
Intramolecular CI 13-H 113- -Oil and C113-H113 -011 hydrogen bonds are observed in both molecules and generate S(6) 
rings (Bernstein et al. 1995). 

In the crystal structure, intermolecular N12 — H12N - 021 and N22 — H22N -OH hydrogen bonds (Table 1) link the 
molecules into dimers (Fig. 2) . A weak Cll 0 — H 1 1 A. . 02 1 interaction further strengthens the dimer unit for molecule 1 . Al- 
ternating dimers are further interconnected by weak C15-H15-01 1 contacts generating zigzag rows along b. C24 — H24..7I 
contacts to the SI 1, Cll, C12, C13, C18 thiophene rings of adjacent molecules form stacks along a, (Fig. 3). 

Experimental 

4-Phenyl-3-semicarbazide (1 .5 1 g, 10 mmol) was dissolved in boiling ethanol (40 ml). A solution of 2-acetylbenzothiophene 
(1.77 g, 10 mmol) in ethanol (30 ml) was added to the 4-phenylsemicarbazide solution followed by the addition of three 
drops of sulphuric acid. The mixture was heated under reflux with stirring for 2 h. The solid product which separated upon 
cooling was filtered and recrystallized from a 1:1 mixture of dimethylsulphoxide and ethanol. 

Refinement 

H atoms bound to Nl and N3 were located in an electron density map and their coordinates were refined freely with (7i so = 
1.2£/ e q (N). All H-atoms bound to carbon were refined using a riding model with d(C — H) = 0.95 A, £/i so =1.2£/ e q (C) for 
aromatic and 0.98 A, <7 iso = 1.5C/ eq (C) for the CH 3 H atoms. 
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Figures 



Fig. 1. The asymmetric unit of the title compound with ellipsoids drawn at the 50% probabil- 
ity level. 





Fig. 2. Dimers formed by the two unique molecules. Hydrogen bonds are shown as dashed 
lines. 



Fig. 3. Crystal packing with hydrogen bonds drawn as dashed lines. 



(f)-2-[1 -(1 -Benzothiophen-2-yl)ethylidene]- iV-phenylhydrazinecarboxamide 



Crystal data 




Ci 7 H 15 N 3 OS 


Z = 4 


M,- = 309.38 


P(000) = 648 


Triclinic, PI 


D x = 1.388 MgnT 3 


Hall symbol: -P 1 


Mo Ka radiation, X = 0.71073 A 


a = 9.8858 (3) A 


Cell parameters from 3121 reflections 


6 = 13.2737 (5) A 


6 = 2.3-24.7° 


c= 13.6121 (8) A 


|i = 0.22 mm 1 


a= 113.961 (3)° 


7=89K 


(3 = 98.153 (3)° 


Rectangular plate, colourless 


y= 107.778 (2)° 


0.38 x 0.14 x 0.05 mm 


V= 1480.02 (11) A 3 





Data collection 



Bruker APEXII CCD area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T min = 0.826, T max = 1.000 
25263 measured reflections 



8650 independent reflections 

5747 reflections with / > 2o(7) 
ic int = 0.052 

©max = 30.1°, 9 m i n = 2.3° 

/i = -13->13 

/t = 18^18 
/=-19-»16 
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Refinement 

Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = \l[a 2 (F 2 ) + (0.065 IP) 2 + 0.0525P] 

where P = (F 0 2 + 2F c 2 )/3 

(A/o) max < 0.001 

Apmax = 0.70 e A~ 3 
Ap m i„ = -0.37 e A~ 3 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Sll 


0.31292 (6) 


1.02673 (4) 


0.78076 (4) 


0.02141 (13) 


Cll 


0.2261 (2) 


0.93460 (17) 


0.63600 (16) 


0.0182 (4) 


C12 


0.1846 (2) 


0.99340 (18) 


0.58266 (17) 


0.0199 (4) 


H12 


0.1351 


0.9563 


0.5041 


0.024* 


C13 


0.2253 (2) 


1.11904 (17) 


0.66052 (16) 


0.0180(4) 


C14 


0.2057 (2) 


1.20934 (18) 


0.63901 (18) 


0.0223 (4) 


H14 


0.1568 


1.1906 


0.5647 


0.027* 


C15 


0.2576 (2) 


1.32550 (19) 


0.72612 (18) 


0.0251 (5) 


H15 


0.2451 


1.3866 


0.7112 


0.030* 


C16 


0.3287 (2) 


1.35423 (18) 


0.83629 (18) 


0.0240 (4) 


H16 


0.3640 


1.4347 


0.8951 


0.029* 


C17 


0.3481 (2) 


1.26718 (18) 


0.86079 (17) 


0.0221 (4) 


H17 


0.3952 


1.2866 


0.9358 


0.027* 


C18 


0.2966 (2) 


1.14948 (18) 


0.77204 (17) 


0.0201 (4) 


C19 


0.2066 (2) 


0.80832 (17) 


0.58560 (16) 


0.0181 (4) 


C110 


0.1043 (2) 


0.72127 (18) 


0.46823 (16) 


0.0237 (4) 


hiia 


0.1562 


0.6766 


0.4240 


0.035* 



Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.054 

wR(F 2 ) = 0.147 

S= 1.07 

8650 reflections 
411 parameters 
0 restraints 
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Geometric parameters (A, °) 



SH — C18 


1.734 (2) 


S21 — C28 


1.745 (2) 


sn — cil 


1.7427 (19) 


S21 — C21 


1.7473 (19) 


CH — C12 


1.369 (2) 


C21 — C22 


1.381 (2) 
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C21 — C29 
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C12 — C13 
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C22 — H22 
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C13— C14 
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C13 — C18 
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C14 — C15 
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1.402 (3) 
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M 1 1 Ml 9 
IN 1 1 IN 1 Z 
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0.9500 


C213— H213 


0.9500 


C114— C115 


1.376 (3) 


C214— C215 


1.383 (3) 


C114— H114 
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0.9500 
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C113— C114— C115— C116 -0.3(4) 

C114— C115— C116— C117 -0.4(3) 

C113— C112— C117— C116 0.9(3) 

N13— C112— C117— C116 -178.7(2) 

C115— C116— C117— C112 0.2(3) 



C2 1 3— C2 1 4— C2 1 5— C2 16 0.3 (3) 

C214— C215— C216— C217 -0.6(3) 

C215— C216— C217— C212 -0.7(3) 

C2 1 3— C2 1 2— C2 1 7— C2 16 2.2(3) 

N23— C212— C217— C216 -175.0(2) 



Hydrogen-bond geometry (A, °) 

Cgl is the centroid of the Sll, Cll, C12, C13, C18 ring. 



D—H-A D — H 

N12— H12N-021 0.97(2) 

N22— H22N-OH 0.89(2) 

C113— H113-OH 0.95 

C213— H213-021 0.95 

C15— H15-011' 0.95 

C24— H24-Cgl" 0.95 



Symmetry codes: (i) x,y+\, z; (ii) -x+ 1 , -y+ 1 , -z+ 1 . 



H-A D-A D—H-A 

1.91 (2) 2.847 (2) 162.1 (19) 

1.99 (2) 2.840 (2) 158 (2) 

2.29 2.886 (2) 120. 

2.26 2.871 (2) 121. 

2.62 3.435 (2) 144. 

2.80 3.482 (2) 130 
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